Aim: This study sets out (a) to estimate the prevalence of admissions by birth defects, using the official database of hospitals of Ecuador; and (b) to set the basis for a new National Register of Birth Defects in Ecuador that works as a program for the clinical and epidemiological investigation of risk factors in the etiology of congenital anomalies in Ecuadorian hospitals, using a case-control methodological approach. This is the first report in their class.
Introduction
This study sets out (a) to estimate the prevalence of admissions by birth defects, using the database of hospitals of Ecuador; and (b) to set the basis for a new National Register of Birth Defects in Ecuador that works as a program for the clinical and 
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epidemiological investigation of risk factors in the etiology of congenital anomalies in Ecuadorian hospitals, using a case-control methodological approach. This is the first report in their class.
There is a lack of information on population-based studies of malformations in Ecuador; 1 the surveillance of the effects of prenatal screening and diagnosis on the birth prevalence of malformations is limited by gaps and wide variations in surveillance systems.
2 This justifies the use of official databases in the production of the information only as an initial step in the development of an organized and generalized system that gathers in an organized way birth defects data, as proposed in this paper.
The only official existing data are limited to a few hospitals, such as those that are part of the ECLAMC network (Latin American Collaborative Study on Congenital Malformations). 3 This network was established in 1973, originally with 12 maternity hospitals in 6 provinces around the country, covering approximately 4.16% of the total number of live births in Ecuador. This network reported 1.7% of newborns (1,114/66,843) and 1.3% of stillbirths (891/66,843) with some type of congenital malformation, in a study made between June 2001 and June 2005. 4 The hospitals associated with this network are mostly secondary care hospitals located in the cities of Quito, Manta, Chone, Bahía de Caráquez, Portoviejo, Cañar, Azogues, Ibarra, Loja and Machala. 5 Despite the importance of this network, this study did not cover the whole country because participation is still voluntary, which limits coverage to less of 5% of all live births in Ecuador. However, morbidity studies of children indicated that genetic diseases and congenital malformations represent 10% to 25% of hospitalizations in tertiary care facilities, especially in some Latin America cities. 6, 7 Ecuador has a relatively small but genetically highly diverse population across the whole country. There is a need for a central coordination of information on availability of prenatal diagnosis, newborn screening, and genetic testing with modern genetic technologies. It should be stressed that demographic factors also have a great influence on the prevalence of some congenital malformations. 8 In this regard, it should be noted that Ecuador is located in western South America, 9 where half the population lives in cities with altitudes of 2000 m asl. 10 The population is 14 million, approximately half (54%) of whom live in urban zones, especially in the four largest cities of Quito, Guayaquil, Cuenca and Santo Domingo. 11 Ecuador is a multi-ethnic country with a strong Native Amerindian culture 12 that coexists with Mestizo and Afroamerican ethnic groups.
Childbearing-age women in Ecuador are potentially exposed to high teratogenic risks such as infectious agents, environmental chemical compounds, radiation, drugs, and maternal metabolic diseases. 13 These risk factors interact with the low levels of school education and low socioeconomic status of the population, and scarce resources in the public health care system for the prevention and treatment of congenital anomalies.
14 The birth prevalence of congenital anomalies in developing countries is underestimated, mainly due to deficiencies in diagnostic capabilities and lack of reliability of medical records and health statistics. 8 The recorded rates in developing countries must be considered minimum estimates because of low diagnostic capacities and underreporting. 8 According to the health authorities of the United States, 15 birth defects are a significant public health concern, affecting ∼3% of all births, and resulting in many elective pregnancy terminations or spontaneous abortions, a situation similar to that seen in Europe, where birth defects affect ∼2% of all births. 16 Every year, ∼150,000 babies are born with birth defects in developed countries. 17 Birth defects and genetic diseases are the leading causes of infant deaths, resulting in substantial mortality and morbidity throughout childhood. 18 Although birth defects account for only 15% to 30% of all pediatric hospitalizations in developed countries, they have a proportionally higher cost in health care programs than other hospitalizations. 19 In the US, US$8 billion are spent each year to provide medical and rehabilitative care for affected children. Thus, birth defects impart a significant burden to families and society. 20 The causes of around 40% to 50% of birth defects are unknown, 21 20% are attributed to a combination of hereditary and environmental factors, 8% to 10% to single-gene mutations, 6% to chromosome abnormalities, and 5% to maternal illnesses. 21 There is also an important increase in birth defects and developmental disabilities due to maternal conditions. 22 These maternal conditions comprise pregestational diabetes and phenylketonuria, and other related pathologies. Maternal diabetes mellitus is associated with increased teratogenesis, which can occur in pre-gestational diabetes type 1 and type 2. Cardiac defects and neural tube defects are the most common malformations observed in fetuses of pre-gestational mothers with diabetes. 23 Certain infections, such as rubella virus (which causes German measles and congenital rubella syndrome) and cytomegalovirus (which causes a congenital infection that also produces birth defects and developmental disabilities), have shown to be highly teratogenic. 24 Equally, some medications as valproic acid and isotretionin have shown
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Congenital malformations in ecuadorian children Dovepress submit your manuscript | www.dovepress.com Dovepress teratogenic effects. The most teratogenic anti-epileptic drug seems to be valproic acid which causes about 2% of neural tube diseases and an additional increase of 4% to 8% in major congenital anomalies. 25 In this description, lifestyle factors such as alcohol consumption and smoking are also considered as teratogenic. Alcohol causes fetal alcohol syndrome and other spectrum disorders, for which strong prevention strategies have been developed. 26 All of the above-mentioned causes are preventable risk factors.
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Material and methods Design
This is an observational descriptive study that evaluates the epidemiological issues of birth defects reported in Ecuador between the years of 2001 and 2007.
source of information
The data used in this study were taken from the National Register of Hospital Admission/Discharges of the Instituto Nacional de Estadísticas y Censos (INEC), 17 and the Ministry of Public Health (MSP). 28 The Register of Admissions/Discharges is national and funded by the government. The information from the register is provided primarily by the centers and hospitals belonging to the MSP which has a national coverage and includes public maternity clinics, children's hospitals, and general adult hospitals. The information in this register was gathered from the individual clinic history, by a clerk who codes the diagnosis. This register has been, formerly and extensively, used in epidemiological studies. 8 Ecuador does not have an official Medical Birth Registry or a Congenital Malformations Registry.
study variables
Major congenital malformation was defined as a defect detected at birth, delivery or during the first year of life, which results in death (including still birth); it requires major surgery, or has a major effect on the quality of life for the child. In this study, we used the International Classification of Diseases, 10th Edition of 1997 (ICD-10) to classify the Congenital Malformations, Deformations, and Chromosomal Abnormalities, all included in the Q00 to Q99 codes. 29 The data of two main groups of children, under the age of 1 year, and 1 to 5 years of age, were analyzed. All remaining age groups were excluded because it could not be identified if the patient was to be admitted by walk-ins or subsequent appointment. As an additional measure, duplicate records were excluded from the database and whether each patient was registered only once was reviewed, for the readmissions registry.
statistical analysis
We analyzed birth prevalence rate (BPR) by 10,000 births. We also used data on admissions/discharges of children under 1 year of age who were admitted by birth defects or other previously acquired related complications.
Results
A total of 51,375 discharges by congenital malformations were registered in Ecuador, during the 7-year period analyzed, for all age groups. Out of the total, 16,679 admissions were of children less than 1 year of age, and with a BPR of 72.33/10,000 births. Seventy-seven percent of these comprised the 50 most common birth defects observed in this age group (see Table 1 ). The most common birth defect found is the unilateral cleft lip with a BPR of 4.57/10,000 births, followed by congenital heart malformations with a BPR 4.2; hydrocephalus with a BPR of 3.77 and Down's syndrome with a BPR of 3.70. 9384 children under 1 year of age were male (55.9%) and 7053 were female (42.1%). The BPR of males was 40.45 and of females 30.40. 
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In Ecuador, every year 7339 children are admitted with a birth defect or other previously acquired complications; 18 patients out of every 10,000 hospitalizations are admitted with a congenital defect. Cardiac defects are the main reason for hospitalization and cleft lip is the most prevalent birth defect. Microtia and anotia show the highest prevalence in Latin America, according to the ECLAMC data. 4 One percent of all deaths are from congenital malformations and 36% of these were mainly due to cardiac congenital defects. Table 2 shows the birth defects in children 1 to 5 years of age. In this group the most common birth defect was undescended testicle with a BPR of 9.36/10,000 births, followed by unilateral cleft palate with a BPR of 5.32, patent ductus arteriosus with a BPR of 2.97 and unilateral cleft palate with a BPR of 2.72. This table reports 14,495 discharges in this particular group. Both analyzed groups comprise 60.7% (31,174 admissions) of total admissions. The overall BPR of birth defects in children under 1 year is 55.58/10,000 births and in children between 1 and 5 years is 50.33/10,000 births. Table 3 compares prevalence rates by country and network; our prevalence rates are significantly lower than those of each country analyzed. Table 4 shows the major Table 2 The most common birth defects in children 1 to 5 years of age that were admitted to ecuadorian hospitals congenital malformations reported by the ECLAMC Network, a rate calculated as 66,843 births out of 12 hospitals in this network. Birth defects caused 1% of all deaths in Ecuador during the period analyzed. Cardiac malformations (35.95% of all cases) were the highest cause of birth defect mortality, followed by congenital malformations (10.66%). Congenital malformations of spleen, adrenal gland, parathyroid or thyroid gland, persistent thyroglossal duct and cyst, and the situs inversus comprised the other unclassified causes (Table 5) .
Discussion
Birth defects
The overall prevalence at birth of the selected congenital defects in Ecuador was 72.3/10,000 births. This result is significantly lower than in the registries of other countries mainly due to under-reporting and the low quality of Ecuador's surveillance system. These figures should be taken as minimal estimates with uncertain diagnostic accuracy because Ecuador does not have an official medical birth registry or a congenital malformations registry.
However, in Ecuador the low level of education and cultural misconceptions have led many families to hide birth defects because their reporting could lead to the families being stigmatized by their social group, mainly in isolated rural populations. 30 There is limited knowledge of genetics and its terminology in the general population. Shamanic and marginal health practices seem to remain prevalent especially in rural communities due to the lower costs and the lack of access to health care, the personal attention the individuals receive, and the holistic point of view used. 31 Furthermore, there has been an increase in teenage pregnancies in recent years in Ecuador, aggravated by the major risk factors such as low family income, poor education, lack of knowledge about reproductive health and poor psychological family support. Adverse outcomes in mothers, such as high rates of cesarean section, puerperal infections, and complication during childbirth, have been identified; and adverse outcomes also in the fetus, such as premature birth, low birth weight and small size for gestational age have been identified also. All of these contribute to the numbers of birth defects. 32 Because we found a massive under-reporting of birth defects in the Admissions/Discharge Registries, they are not a reliable single source for ascertaining congenital malformations. However, their availability allowed us to perform a natural experiment to assess our registration system and identify weaknesses in data collection. Our findings agreed with those of Penchaszadeh 13 who noted that the birth prevalence of congenital anomalies in the developing world is underestimated by deficiencies in diagnostic capabilities and 41 lack of reliability of medical records and health statistics. As a result, recorded diagnoses in statistics focus on overt acute illnesses, rather than on pre-existing congenital conditions that increase vulnerability to infections and malnutrition.
Cleft lip was the most prevalent birth defect in children under 1 year of age, and the second most common defect in children of 1 to 5 years of age. This finding seems similar to that of the Poletta 33 study, who said that for cleft lip and cleft palate high birth prevalence rates clusters were associated with high altitude above sea level, Native Amerindian ancestry, and low socioeconomic status; low birth prevalence rate clusters showed an association with African and Black ancestry. Advanced maternal age is a recognized risk factor for cleft palate only. Weinberg 34 has suggested that similar occult lip defects are present in individuals affected with isolated cleft palate, and also that cleft palate and cleft lip plus cleft palate are etiologically distinct. These findings raise the possibility that some cleft palate cases may be misclassified.
Facial clefts are a heterogeneous group of easy-torecognize, nonfatal birth defects. Worldwide, it was reported as the most common congenital facial abnormality. A small proportion occur as a part of recognizable patterns of malformations or a genetic etiology, while epidemiologic data suggest that exogenous factors contribute to these conditions. Maternal factors, which have been studied for their influence on cleft risk, include smoking, alcohol consumption, medication use, environmental chemicals and nutritional factors, but none appear to explain a significant proportion of the population burden of these anomalies. Geographic differences in birth prevalence for these anomalies probably reflect differences in maternal life style and exposure to environmental causative factors.
Undescended testicle was the most prevalent birth defect in children between 1 and 5 years of age. Cryptorchidism is a common congenital anomaly that shows familial clustering and increased prevalence in first-degree relatives, Congenital malformations in ecuadorian children Dovepress submit your manuscript | www.dovepress.com Dovepress suggesting that genetic factors contribute to the etiology. Nonsyndromic cryptorchidism is a common and complex disorder of unknown etiology with geographic and, perhaps, temporal variability. Although presumed to be multifactorial in etiology, few specific genetic or environmental factors have been clearly linked to this disease; there is evidence for multilocus genetic susceptibility. 35 Cardiovascular system defects were by far the most common group of birth defects in our population. The prevalence rate for this kind of defect was very similar to rates previously published in comparable countries. 36 However, it was possibly underdiagnosed in some pathologies due to lack of routine diagnostic systems, and because echocardiography and karyotype analysis are unavailable in the smaller provinces. It should be stressed that small cardiac defects close spontaneously in 30% to 50% of the cases. The most common cardiac birth defect was patent ductus arteriosus or patent arterial duct (PAD), defined as persistent patency in term infants older than 3 months. Isolated PAD is found worldwide in around 1 out of 2000 full-term infants. A higher prevalence is found in preterm infants, especially those of low birth weight. 37 Persistence of the duct is associated with chromosomal aberrations, asphyxia at birth, birth at high altitude and congenital rubella. Occasional cases are associated with specific genetic defects (trisomy 21 and 18, and the RubinsteinTaybi and CHARGE syndromes). Familial occurrence of PAD is uncommon and the usual mechanism of inheritance is considered to be polygenic, with a recurrence risk of 3%. Rare families with isolated PAD have been described in whom the inheritance appears to be dominant or recessive. 37 Over the past few decades, there has been major progress in the understanding and management of cardiac birth defects, including identification of genetic causes for some conditions. Although early interventions have transformed the outcome for these patients, many have ongoing problems that require tertiary cardiac care in adult life. Furthermore, most adults require additional nontertiary care for issues such as pregnancy, noncardiac surgery, endocarditis and other problems. It is an important problem in public health, especially in relation to the costs of the hospitalization. These findings indicate a strong need to standardize both diagnostic and registration criteria for congenital heart malformations.
Our overall figure for Down's syndrome was 3.8/10,000 births. Other published population-based rates for this syndrome are higher, as the ECLAMC study 4 that found a BPR of 13.6/10,000 births. Down's can be diagnosed relatively easily prior to birth by measuring alphafetoprotein, human chorionic gonadotropin and unconjugated estriol in fetal serum, detecting a thickened nuchal fold on fetal ultrasound, and by cytogenetic analysis. Thus, it is likely that many fetuses with Down's were aborted electively and that variable abortion rates contribute to the variable prevalence of birth rates. In Ecuador, abortion by professional clinicians is allowed.
The prevalence of specific types of congenital anomalies at low and high altitudes in South America is higher in the high altitude lands than in the lowlands, especially for six types of birth defects: cleft lip, microtia, preauricular tag, branchial arch anomaly complex, constriction band complex, and anal atresias. 38 Other authors have shown that altitude is associated with low birth weight and intrauterine growth retardation. 39 These could be the most likely explanations 40 for the unilateral cleft lip, the most frequent birth defect in Ecuador.
Limitations and strengths of this study
This report has at least five limitations in relation with the findings. First, this report does not determine severity within each type of birth defect; it analyzed the crude data without analyzing in depth each clinical situation. This limits the utility of these data for health-care planning, and justifies broader studies on this issue.
Second, this analysis could not separate children with isolated defects from those with more than one major defect or those with a recognized syndrome because the used registries do not emphasize these defects, and training in and knowledge of genetics of the health care providers, especially in primary care, is still very limited. Third, it was not possible to determine how much of the variation is attributable to specific risk factors, and the prevalence of some of the defects is influenced by the sources of prenatal diagnoses used; this prevalence varies across hospitals and provinces in Ecuador. In some cases, the limitations are greater and clinical experience still remains the main criterion of diagnosis. The findings in this report represent a conservative estimate of the number of cases each year across the nation, but these data are only an estimate of congenital defects, which would be higher for some defects, if the data were based on systems that included prenatal and postnatal sources.
Fourth, these national estimates represent minimum estimates for the impact of these defects, because even those surveillance systems with active case-findings do not achieve 100% ascertainment.
Finally, some of the most common birth defects could be under represented and could not be included because identification of these conditions depends on referral patterns and access to and use of diagnostic procedures which vary from one hospital to another. submit your manuscript | www.dovepress.com
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The creation of a national Registry of Birth Defects
This report documents the prevalence estimates for birth defects reported in the Hospital Discharge data. These estimates are important to 1) plan for health-care and education needs of the Ecuadorian population, 2) identify increased occurrence of birth defects in specific geographic regions, 3) serve as a reference point for assessment of provincial surveillance systems, 4) evaluate national public health interventions, 5) compare Ecuador prevalence estimates with those of other countries, and 6) help determine the appropriate allocation of resources for basic and public health research.
Hospital-based estimates help quantify the public health importance of these defects and can help improve the planning of services for affected children and their families; eg, the need for specific clinical specialists or multispecialty clinics. Children affected by certain birth defects could benefit from the availability of multispecialty clinics to address the coordination of multiple needs and continuity of ongoing care in a single setting. Because not all provinces have surveillance systems, the national prevalence estimates can be used by provinces to assess health services and special education programs, as well as to evaluate and improve their existing health programs and ensure that affected children are referred to the appropriate services.
Accurate national prevalence estimates of birth defects are essential because birth defects are one of the leading causes of infant mortality and a major contributor to childhood morbidity. Continued improvement can be achieved by a) enhancing completeness of ascertainment, b) increasing the consistency of methods among birth defects surveillance systems, and c) expanding the methods of data collection and analysis of birth defects for which reliable and valid estimates of national prevalence can be made.
In general, this study was limited to selected major birth defects, even though it is the first to provide population-based data on the prevalence rates within their class. The methods used for data collection and case generation are not enough to provide all the required information. Comparison with an independent source such as the birth medical history would be necessary to complete and improve the quality of the registries. Also, it would be important to begin registering defects in elective abortions, and in private medical offices where pathological prenatal identification is routine. As life can be sustained with many malformations, particularly with modern treatment and surgical correction, they are not detected by vital registration systems. Mortality data cannot provide reliable indications of birth prevalence of live birth malformations, and thus registries of such malformations are important.
Birth defects are a true public health problem that has been underestimated by health authorities in Ecuador. The emphasis by public health professionals on solving simpler problems such as diarrhea and respiratory infections has meant the neglect of this group of diseases, and birth defects have become almost hidden diseases. This study allows us to understand the urgent need to establish a National Registry of Birth Defects, involving different sources of information such as prenatal medical records, birth records, and postnatal medical records during the first year of life at an early stage, and surveys of cytogenetic prenatal diagnostic surveys and cytogenetics of therapeutic abortions.
The demonstrated prevalence and lack of documentation are sufficient reasons to initiate this registry. Of course, this new record will have to be combined with other measures such as a genetics education program for health providers, a public campaign to encourage healthcare workers to report cases of patients with genetic defects, and a specialized genetic counseling training program.
